Background Attention is the capacity to flexibly orient behaviors and thoughts towards a goal by selecting and integrating relevant contextual information. The dorsal cingulate (dCC) and prefrontal (PFC) cortices play critical roles in attention. Evidence indicates that catechol-Omethyltransferase (COMT) modulates dopaminergic tone in the PFC and dCC. Objective In this study, we explored the effect of tolcapone, a CNS penetrant COMT inhibitor that increases cortical dopamine levels, on brain activity during a Variable Attentional Control (VAC) task. Study Design We performed a double-blinded, placebocontrolled, counter-balanced trial with tolcapone (Tasmar, tablets, 100 mg three times a day for 1 day and then 200 mg three times a day for 6 days; ClinicalTrials.gov identifier: NCT00044083). Setting The study was conducted in the Clinical Center of the National Institute of Mental Health from 2005 to 2009. Patients Twenty healthy volunteers (11 males; mean age = 32.7 years) with good imaging and performance data on both arms of the study were investigated. Intervention Participants underwent 3T blood-oxygenlevel-dependent (BOLD) functional magnetic resonance imaging (fMRI) while performing the event-related VAC task, which varies attention over three levels of load: LOW, INT (intermediate), and HIGH. Main Outcome Measure Changes in behavioral data and individual contrast images were analyzed using ANOVA with drug and task load as co-factors. Results There was a significant main effect of increasing task load, with resulting decreased accuracy and increased reaction time. While there was no significant effect of tolcapone on these behavioral measures, the neuroimaging data showed a significant effect on load-related changes in dCC, with significantly lower dCC activation on tolcapone compared with placebo. Further, neural activity in dCC correlated positively with COMT enzyme activity (i.e., lower COMT activity and presumably more dopamine was associated with lower activation in dCC, i.e., more efficient information processing). Conclusion Our results show that pharmacological reduction of COMT activity modulates the engagement of attentional mechanisms, selectively enhancing the efficiency of dCC processing in healthy volunteers, reflected as decreased activity for the same level of performance.
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Introduction
Attention is the ability to flexibly orient and allocate resources towards a goal by selecting and integrating relevant contextual information. Its primary components include the detection of conflicting information and the allocation of attentional resources in order to bias processing in favor of task-relevant stimuli [1] . Some studies show that increasing the amount of irrelevant information generates greater cognitive conflict and thereby increases the level of attention [2, 3] . Attention is supported by a network of brain regions which includes the dorsal anterior cingulate [3] [4] [5] , the dorsolateral prefrontal cortex (DLPFC) [1] [2] [3] , and the inferior parietal cortex [2, 3] .
Lesions to specific attention regions have been shown to impair different functional components, suggesting that each region serves a specific, complimentary role in the attention network. Lesions in the dorsal anterior cingulate result in inefficient monitoring of irrelevant information within a stimulus set [6, 7] ; lesions in the prefrontal cortex (PFC) result in impaired attentional regulation [8] [9] [10] [11] [12] ; and lesions to the inferior parietal cortex result in the inability to allocate sufficient resources to stimuli for adequate perception [13, 14] and to update mental models [15] .
Altered physiology and function of the attention network have been implicated during attentional processing in neuropsychiatric disorders such as schizophrenia [16] [17] [18] [19] [20] [21] [22] , Parkinson's disease [23] , and attention deficit hyperactivity disorder [24] . Dysfunction of dopamine has been implicated in the attention deficits observed in these neuropsychiatric disorders [25] .
In primates, the cingulate and prefrontal cortices receive mesocortical dopaminergic projections from the substantia nigra and ventral tegmental area [26] . Mesocortical dopamine inputs increase physiological 'efficiency' by enhancing pyramidal cell response to sustained and excitatory inputs and modulating the excitability of inhibitory GABA neurons, thereby increasing the cortical neurophysiological signal-to-noise ratio [26, 27] . At least in part by increasing synaptic dopamine, methylphenidate has been shown to improve working memory, with enhanced neuronal responsiveness in rats [28] , and in humans, both dextroamphetamine and methylphenidate have been shown to modulate neurophysiological response underlying executive function, logical reasoning, spatial working memory and attention [29] [30] [31] [32] .
Dopamine methylation by the enzyme catechol-Omethyltransferase (COMT) is one of the critical mechanisms through which cortical dopamine is inactivated from the synaptic cleft in the frontal cortex [33] , where synaptic dopamine transporters are scarce [34] . Studies involving COMT knockout mice and pharmacological administration to animals and humans show that COMT disruption increases prefrontal dopamine concentrations and enhances memory. [35] [36] [37] [38] . Furthermore, functional magnetic resonance imaging (fMRI) studies show that a common functional polymorphism in the COMT gene that affects COMT activity accounts for variability in the physiological efficiency of cortical function on a variety of cognitive tests, including attention [39] and working memory [40, 41] . These findings suggest that a specific pharmacological manipulation of prefrontal cortical dopamine levels through the inhibition of COMT activity should lead to improved cognitive processing via enhanced dopaminemediated prefrontal cortical efficiency.
The moderately CNS-penetrant drug tolcapone appears to be the most potent of COMT inhibitor compounds developed so far. Studies on humans show peak plasma concentration and substantial COMT inhibition less than 2 hours following tolcapone administration [42] . Tolcapone has been shown to improve cognitive function in a sample of patients with Parkinson's disease [43] . Additionally, we have previously shown that it increases speed of response in the context of working memory, attention, and updating, and enhances prefrontal cortical information measured with fMRI processing during the n-back working memory task even in a sample of normal volunteers [38] . The effect of tolcapone on prefrontal cognition has been further substantiated recently by Farrell et al. [44] . In this study, the authors also report that tolcapone effects on cognition are modulated by the COMT val 158 met polymorphism; tolcapone impaired n-back working memory performance in low activity met/ met subjects but enhanced performance in high activity val/ val subjects, supporting the inverted-U model of dopamine function in the DLPFC [45] . Tomasi et al. [32] showed an inverted-U response within the anterior cingulate during a variable-load attention task that was modulated by methylphenidate in such a way as to suggest an enhanced capacity at higher load due to reduced activation. The results from these studies suggest that tolcapone may improve attention and prefrontal cortical efficiency. We therefore explored the effect of tolcapone specifically on cortical information processing during attention in a sample of healthy volunteers while they performed a Variable Attentional Control (VAC) task during blood-oxygen-level-dependent (BOLD) fMRI. Based on prior evidence, we predicted that the drug would enhance efficiency of prefrontal cortical information processing during this cognitive operation.
Methods

Participants
Healthy control subjects were recruited from local and national resources as volunteers for the 'CBDB/NIMH Sibling Study' (D.R. Weinberger, Principal Investigator), as previously described [40] . All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000. Informed consent was obtained from all patients included in the study. Participants underwent a structured clinical interview to rule out active Axis I diagnosis and completed a questionnaire for evaluation of personality disorder to rule out Axis II diagnosis (Diagnostic and Statistical Manual of Mental Disorders-IV Edition). Participants were aged 18-50 years. To take part in the study, participants needed to be off all medications for 6 weeks. Individuals with significant medical conditions known to affect the central nervous or cardiovascular system, a history of head trauma with loss of consciousness for longer than 5 min, a history of drug or alcohol abuse within the past 3 months prior to recruitment or cumulative history of substance abuse for over 5 years were excluded. Subjects with a history of alcohol dependence were also excluded because of the potential toxic effect of tolcapone on liver function. Of the 30 subjects who were administered the VAC task, ten subjects had bad-quality imaging data on at least 1 of the 2 scan days. Further analysis was conducted on the data from the remaining 20 subjects. Five of these subjects were homozygous for the valine allele of COMT val 158 met polymorphism (val/val), ten were homozygous for the methionine allele (met/met), and five subjects were heterozygous (val/met) as determined by standard COMT genotype assays [38] . COMT genotype information was included in the analysis exploring the effect of tolcapone on COMT enzyme activity, but given the small number of subjects in each genotype group, no analysis was conducted on neuroimaging and behavioral data based on genotype.
Treatment
We performed a randomized, double-blind, placebo-controlled, crossover study lasting 3 weeks (ClinicalTrials.gov identifier: NCT00044083). Both tolcapone and placebo were coded. Coded tolcapone (Tasmar, tablets) was administered orally for 7 days at a dosage of 100 mg three times a day on the first day, followed by 200 mg three times a day for the next 6 days. We performed neuropsychological testing and fMRI on the seventh day. After the first arm, a 1-week washout period followed. At the beginning of the third week, subjects who had received coded tolcapone during the first arm received coded placebo, while those who started on coded placebo during the first arm received coded tolcapone. In order to avoid potential withdrawal reactions, we discontinued the administration of coded compounds over a 3-day period at the end of both arms.
During both arms, participants had to take a coded capsule of 100 mg of riboflavin twice daily to mask the urine discoloration produced after tolcapone administration.
Test Schedule
fMRI scans were performed 2 h after tolcapone administration on day 7 of each arm. Behavioral measures were evaluated by the Hamilton Anxiety Scale (HAM-A) [46] and the Profile of Mood State (POMS) questionnaire [47] the same day of testing. Subjects performed other cognitive tasks during the fMRI scan; however, for the purpose of this paper, we focused only on data from the VAC task. Time of testing was based on pharmacokinetic data showing that plasma levels of tolcapone peak 1.5-2 h after oral administration and maximum inhibition of COMT activity in red blood cells is reached between 1 and 4 h following administration of the drug [38, 42, 48, 49] . The order of presentation of the VAC task within the fMRI paradigm battery was maintained within subjects across drug conditions and across subjects as well.
VAC Task and Behavioral Data Analysis
The VAC task, used to elicit increasing demands of attentional processing, has been previously described in detail [3, 39] . Briefly, each stimulus was composed of arrows of three different sizes pointing either to the right or to the left (Fig. 1) . The large arrow was composed of a group of six medium-sized arrows, and medium arrows were composed of seven small arrows. A cue word (Big, Medium, or Small) was displayed above each stimulus to instruct subjects to press a button corresponding to the direction of the large, medium, or small arrows, respectively. There were three levels of attentional control: (1) low level (LOW), when all three sizes of arrows were congruent in direction with each other, and subjects were cued to attend to the big arrow; (2) intermediate level (INT), when the big arrow was incongruent in direction to the small and the medium arrows, and subjects were cued to attend to either big or small arrows; and (3) high level (HIGH), when the medium arrows were incongruent in direction to the big and the small arrows, and subjects were cued to attend to either small or medium arrows. The control condition consisted of a single bold arrow pointing to either the left or right.
Each stimulus was presented for 800 ms, and the order of the stimuli was randomly distributed across the session [50] . The total number of stimuli presented was 241 (50 HIGH, 68 INT, 57 LOW, and 66 simple bold arrows). A fixation cross-hair was presented during the interstimulus interval, which was randomly jittered between 1.2 and 7.1 s. The total duration of the task was 10 min 8 s.
Accuracy was measured as percent correct responses. To measure the effect of tolcapone on attentional load-related change in performance, we normalized accuracy and reaction time (RT) using the formulas (INT -LOW)/ (INT ? LOW) and (HIGH -INT)/(HIGH ? INT). An analysis of variance (ANOVA) for repeated measures was performed using STATISTICA software (Statsoft Corp., Tulska, OK, USA) to explore the effect of drug on performance and behavioral measures, as well as on the effect of age and performance on activity measures.
fMRI Data Acquisition
Each subject performed the VAC task while undergoing BOLD fMRI using a GE Signa 3T scanner with a gradient echo-planar imaging sequence (4-mm axial slices with 1-mm gap; repetition time/echo time=2000/28; flip angle = 90°; field of view = 24 cm; matrix = 64 9 64; scan repetitions = 300). Stimuli were presented via a back-projection system, and the responses were recorded via a fiber-optic response box that allowed the measurement of the accuracy and RT for each trial. The first four scans at the beginning of each time series were discarded to allow for signal saturation.
Image Processing
Whole-brain analysis was completed using SPM5 (http:// www.fil.ion.ucl.ac.uk/spm). Images for each subject were slice time corrected, realigned to the first image of the scan run, spatially normalized into a standard stereotactic space [Montreal Neurological Institute (MNI) template] by using affine and nonlinear (4Á5Á4 basis functions) transformations, smoothed with a full-width half-maximum (FWHM) Gaussian filter (8 mm) and ratio normalized to the wholebrain global mean.
After realignment, data sets were individually examined to ensure head motion was less than 2 mm translation and less than 1.5°rotation. Quality control of images also included visual inspection of the reconstructed image data, signal variance summary images and time series diagnostic plots for image artifacts as recommended by the MRC Cognition and Brain Sciences Unit [51] , and the estimation of signal-to-noise ratios (SNRs) across time series. This procedure was conducted blind to treatment and genotype information. SNR of the fMRI time series data was calculated as follows. First, voxel-wise signal intensity values were normalized by dividing each voxel intensity value by the average voxel intensity value in that volume. Voxelwise SNR was then computed as the average of the normalized voxel intensity over the time points divided by its temporal standard deviation. The average of the voxel-wise SNR across the whole brain volume was then defined as the SNR of the time series. This value was used as one of the measures for image quality control to ensure that it was not systematically different across diagnostic groups or drug conditions.
Regressors were created for each condition using the correct responses for each stimulus. The incorrect responses and the head motion parameters were also modeled as nuisance variables. Predetermined condition effects at each voxel for each subject were estimated using a general linear model in SPM5, producing a statistical image of [3] (defined using the Wake Forest University PickAtlas toolbox, version 2.0, http://www.fmri.wfubmc.edu) unless otherwise specified.
COMT Enzyme Assay
COMT enzyme assay was performed to check the effect of drug administration on enzyme activity. Blood was collected on the day of initial screening and recruitment, on the seventh day of drug administration of the first phase of the study (before and about 4 hours after drug administration), and on the seventh day of drug administration of the second phase of the study (before and about 4 hours after drug administration). The post-drug measurement refers to the level from the sample collected 4 hours after drug administration on the seventh day of each phase. The procedure is as described in a prior study [38] . A repeated measures ANOVA was performed using STATISTICA software to estimate the effect of drug and COMT genotype on COMT enzyme activity.
The demographic characteristics of the 20 subjects who completed the VAC study are presented in Table 1 . There was no order effect in drug and placebo administration, i.e., the number of subjects who received tolcapone first was not statistically different than the number of subjects who received placebo first; nine of the subjects received placebo first, and 11 subjects received drug first, and these two groups had a similar demographic profile (Table 1) .
Results
Behavioral Data
Accuracy
There was a main effect of level of attention on accuracy (F2, 117 = 31.872; p \ 0.001). As predicted, subjects performed worse on the HIGH condition relative to the INT and LOW conditions (% correct responses ± SD: HIGH 78.20 ± 15.12; INT 89.82 ± 8.87; LOW 97.02 ± 5.66). There was no significant effect of drug on accuracy (F1, 38 = 0.00484; p = 0.945) or a drug by level of attention interaction (F1, 38 = 1.0558; p = 0.311).
Reaction Time
There was a main effect of level of attention on RT (F2, 117 = 23.207; p \ 0.001), with subjects having slower RTs on the HIGH condition relative to the INT and LOW conditions (RT in ms ± SD: HIGH 1007.69 ± 207.5; INT 884.6 ± 166.8; LOW 733.9 ± 162.3). There was no significant effect of drug on RT (F1, 38 = 0.53908; p = 0.467) or a drug by level of attention interaction (F1, 38 = 0.56843, p = 0.456).
The above results were based on analysis of behavioral data from the 20 subjects that were included in the neuroimaging analysis. However, there was no significant effect of drug or a drug by level of attention interaction on accuracy or RT even when an analysis was performed on all 30 subjects that participated in the study, including the ten subjects with poor-quality imaging data. 
POMS and Hamilton Anxiety Scales
Tolcapone treatment was not associated with any changes in any of the POMS subscales (paired t test all p [ 0.2) or in the HAM-A (paired t test p = 0.5). These results are consistent with earlier studies which show that subjects are not aware of when they are on drug or placebo.
Imaging Data
Effect of Level of Attention (HIGH [ INT [ LOW)
There was a main effect of increasing level of attention with greater activation during the HIGH condition in several regions, including the PFC, the dCC, and the inferior parietal cortex bilaterally (details in Fig. 2 and Table 2 ; all values are p \ 0.001 FWE-corrected for the whole brain).
Effect of Tolcapone on All Levels of Attention
There was a main effect of drug in the dCC with lower activation during the tolcapone condition than during the placebo condition when all the tasks were considered together [peak voxel coordinates (x, y, z) = (-9, 6, 42), p FWE-corr, dCC ROI = 0.057, p uncorrected = 0.001, Z = 3.00].
There was no significant difference in the inverse contrast (placebo \ tolcapone) in dCC, although there was increased left inferior parietal cortex activation during tolcapone compared with placebo [(x, y, z) = (-39, -66, 45), p FWE-corr, whole brain = 0.013, p uncorrected = 0.0000008, Z = 4.81].
Additionally, there was a trend 'drug by load' interaction with decreased activation in the dCC during tolcapone compared with placebo at the high-load level compared with the other two loads [peak voxel coordinates (x, y, z) = (6, 27, 36), p FWE-corr, dCC ROI = 0.096, p uncorrected = 0.003, Z = 2.74] (Fig. 3) . Covarying for age and performance led to similar results.
Moreover, there was decreased activation in the dCC at each level of attention [LOW: peak voxel coordinates (x, y, z) = (-6, 6, 42), p uncorrected = 0.003, Z = 2.76; MED-IUM: peak voxel coordinates (x, y, z) = (-12, 6, 45), p uncorrected = 0.005, Z = 2.57; HIGH: peak voxel coordinates (x, y, z) = (6, 24, 36), p uncorrected = 0.006, Z = 2.49] during tolcapone when compared with placebo. While these individual load effects did not survive FWE correction, there were no hints of significant differences in activation on the inverse contrast even with the threshold at p \ 0.05 uncorrected (placebo \ tolcapone). There was also no effect of drug (placebo [ tolcapone or tolcapone [ placebo) on the DLPFC.
COMT Enzyme Assay
COMT enzyme assay was not available for one subject during the placebo day and for two subjects for both days (placebo and tolcapone days). Repeated measures ANOVA of whole-blood COMT activity measured 4 hours after treatment (placebo vs. tolcapone) showed a significant main effect of genotype on COMT activity [F(2, 14) = 31.06, p \ 0.001], with val/val individuals having higher enzyme activity when compared with val/met and met/met individuals, and val/met individuals with higher enzyme activity compared with met/met individuals (post hoc all p s \ 0.004). There was also a significant main effect of drug [F(1, 14) = 6.09, p = 0.027; reduced enzyme activity after tolcapone administration] and a significant genotype 9 drug interaction [F(2, 14) = 4.8, p = 0.026; significantly reduced enzyme activity after tolcapone administration was observed only in the val/val individuals (p = 0.005), and not in val/met and met/met individuals (p s [ 0.3)]. Means ± SD and range of COMT activity for each genotype group are reported in Table 3 . 
Effect of COMT Enzyme Activity on AttentionRelated Neural Activity
There was a significant positive correlation between COMT enzyme activity and neural activity in dCC (i.e., lower COMT activity and presumably more dopamine was associated with lower activation in dCC, i.e., more efficient information processing). This was more pronounced with increasing level of attention [INT: peak voxel coordinates (x, y, z) = (12, 21, 36), p FWE-corr, dCC ROI = 0.016, Z = 3.36; HIGH: peak voxel coordinates (x, y, z) = (9, 24, 36), p FWE-corr, dCC ROI = 0.013, Z = 3.44]. The increase of the strength of the correlation between dCC activation and COMT activity with increasing level of attention was further confirmed using the contrast HIGH [ INT [ LOW [peak voxel coordinates (x, y, z) = (12, 33, 30), p FWE-corr, dCC ROI = 0.025, Z = 3.24 ( Fig. 4) ]. No significant correlations were observed on the opposite contrasts (negative correlation).
Discussion
Our results show that tolcapone, a moderately CNS-penetrant COMT inhibitor, selectively affects efficiency of information processing in dCC during attention in healthy volunteers. Cortical efficiency is an operational measure of information processing based on fMRI response during a cognitive task, where more efficient information processing denotes the same behavioral output achieved with more focused cortical activation. We observed less activation in the dCC during the tolcapone condition compared with tolcapone. There was no significant difference in the inverse contrast (placebo \ tolcapone). FWE-corr, dCC ROI familywise error correction in dorsal cingulate cortex (dCC) region of interest (ROI) placebo for the same level of task performance during the VAC task, a task that demands an increasing level of attention. Administration of tolcapone decreased COMT enzyme activity, which putatively increases dopamine levels. Tolcapone also decreased load-related neural activity, as reflected by changes in the BOLD response during the VAC task. Interestingly, this effect of tolcapone on load-related change in neural activity was specifically observed in the dCC. Presumably by increasing the levels of dopamine via the inhibition of COMT, tolcapone decreased activity in the dCC though the level of behavioral performance did not change as compared with the placebo condition during the monitoring of conflicting information. This suggests that tolcapone may improve efficiency of the physiological response of the cingulate cortex, specifically the dorsal anterior cingulate, during attentional control. Our data are consistent with results from numerous neuroimaging studies involving the modulation of cortical dopamine levels via the functional polymorphism in the COMT gene on similar cognitive and physiological measures in normal controls [38] [39] [40] [41] . Particularly, Blasi et al. [39] showed an effect of the val 158 met functional polymorphism in the COMT gene on the efficiency of dCC activation during the VAC task. They showed that the level of difficulty in the VAC task was associated with increased activity in a network consisting of the dCC, DLPFC, and the PC; however, the effect of the COMT val 158 met polymorphism was restricted to the dCC. Met/met individuals, who have lower COMT activity and therefore relatively higher cortical synaptic dopamine concentrations, showed more efficient dCC activity than val/val individuals, who supposedly have higher COMT activity and therefore lower cortical synaptic dopamine concentrations. Furthermore, pharmacological manipulations through other drugs such as dextroamphetamine, modafinil, etc., known to modulate dopamine activity have also demonstrated the same efficient cortical information processing during executive cognition [41] as well as attention tasks [53] . Administration of modafinil, an arousal-enhancing agent likely acting at least in part also through the dopaminergic pathway, improved efficiency of information processing in the dorsal anterior cingulate during the VAC task [53] . In line with these results, our study showed that increased cortical synaptic dopamine concentrations via tolcapone administration compared with placebo resulted in more efficient dCC information processing.
It is interesting that we observed a relatively exclusive effect of dopamine level modulation on activity in the dCC region among other brain areas in the network underlying attention. The absence of the same effect in the DLPFC, despite dopaminergic projections in this region, could be due to a task-and region-specific effect of the drug. The VAC task was designed to manipulate the demand for conflict detection by varying the congruency/incongruency of hierarchical stimuli across levels of attention (the demand for conflict detection is greater in HIGH [ -INT [ LOW); whereas differential allocation of attentional resources, which was manipulated by varying the focus of the stimuli to either local or global characteristics, differed within each level and not across levels [3] . Studies trying to define the relative contribution of the different brain regions underlying the attention network implicate the dCC in handling conflict [1, [3] [4] [5] [6] [7] and the dorsal PFC in executive cognition, attention regulation [8] [9] [10] [11] [12] , and working memory function [54, 55] . The lack of tolcapone effect on DLPFC information processing during the VAC task is consistent with our prior observations of more efficient information processing only in the dCC in individuals homozygous for the met allele (i.e., individuals with presumably greater cortical dopamine levels) when compared with individuals homozygous for the val allele [39] . We reasoned in that report that conflict-monitoring Fig . 4 Simple regression analyses illustrating a significant correlation between COMT activity and attentional load-related changes in the dorsal cingulate. There was no significant difference in the inverse contrast (negative correlation). COMT catechol-O-methyltransferase, FWE-corr, dCC ROI familywise error correction in dorsal cingulate cortex (dCC) region of interest (ROI) aspects of the task are the critical processes engaged and that the load on DLPFC processing during this task is minimal. Our current results with tolcapone would seem to support this assumption.
It is important to acknowledge that our current sample is relatively small, but it reflects the strict exclusion criteria we set for image quality. We believe that this step is critical in ensuring that the signal and noise characteristics are comparable across both scan sessions. Our final sample size is comparable to the sample sizes of other cognitive enhancer neuroimaging studies [43, 56, 57] . Moreover, although we did not find any significant differences in performance induced by tolcapone administration at the doses used in this study, this is an advantage in interpreting neuroimaging studies since the changes observed in BOLD fMRI signal reflect an improvement in cortical processing that cannot be conflated with an effect of a change in performance. A future dose-finding experiment might help identify an optimal dose that would improve performance with activation changes. Furthermore, the use of peripheral rather than central measures of COMT enzyme activity is a limitation of the current study, since functionally distinct isoforms of COMT enzyme are expressed in the brain (where the membrane bound form predominates) and periphery (where the soluble form predominates).
Conclusion
In conclusion, we present evidence that tolcapone decreased physiological activation in the dCC without concomitant change in performance as compared with placebo during an attentional task, suggesting that tolcapone may enhance efficiency of information processing in the dCC during attention. This selective modulation of dCC during a conflict processing task, taken together with the results from an earlier study [34] in which tolcapone was shown to selectively modulate PFC activity during a working memory task, further advocates a task-and regionspecific effect of tolcapone. The effects of tolcapone on cortical information processing may also be modified by COMT genotype, warranting further research in a larger sample on a potential drug by genotype interaction.
